Aim To determine the effect of dental health education (DHE) on caries incidence in infants, through regular home visits by trained DH Educators over a period of 3 years. Method A randomly selected cohort of 228 children born between 1st January and 30th September 1995, in a low socioeconomic/high caries suburb of Leeds (UK) were divided into the following groups: A) DHE focused on diet; B) DHE focused on oral hygiene instruction (OHI) using fluoride toothpaste; and C) DHE by a combined diet and OHI message. DHE was given using an interview and counselling for at least 15 minutes at home every 3 months for the first 2 years and twice a year in the third year of the study. A fourth group D was given diet and OHI, at home, once a year only. All children and mothers were examined for caries and oral hygiene . A fifth group E (control) received no DHE and were never visited but examined at 3 years of age only. Results In the groups of children visited regularly only two developed caries and three had gingivitis (all in group A). In group E, however, 33 % of children had caries and nine (16%) had gingivitis. The differences in caries levels and caries risk factors between study and control groups were statistically significant (P < 0.001). Mothers of the study groups also showed an improvement in their own levels of gingivitis, debris and calculus scores by the second and third examinations (P < 0.001). Conclusion Regular home visits to mothers with infants, commencing at or soon after the time of the eruption of the first deciduous teeth, was shown to be effective in preventing the occurrence of nursing caries.
N ursing caries has been known to exist for many centuries. 1 The prevalence has been reported to vary between 1% and 80% worldwide, but in western societies it is believed to be between 3% and 5%. 2 Higher prevalence has occurred in children of lower social class, migrants and ethnic minority populations. 3, 4 The aetiology of the condition is a combination of frequent consumption of fermentable carbohydrates as drinks, especially when a baby is sleeping, with on-demand breast-or bottle-feeding, oral colonisation by cariogenic bacteria (especially mutans streptococci), poor oral hygiene and poor parenting. [5] [6] [7] In most cases the aetiology will be a combination of several of these events.
Prevention of nursing caries can be achieved firstly, by the education of prospective and new parents and secondly, by the identification of 'high risk' children. 8, 9 Strategies have focused on the individual mother and child, by preventing transfer of cariogenic bacteria from mother to her infant, using preventive agents such as fluoride and teaching good oral hygiene practices. 10 Communitybased approaches have also been attempted, but none has achieved any long-term effect. 8, 11 Moreover, dental health education (DHE) is rarely studied and evaluated in a randomised way. 12 The solution to this continuing problem would seem to be programmes of DHE for young mothers, initiated at a time before the primary teeth erupt into the mouth. The need is for long-term prospective studies to assess various risk factors involving behavioural, socio-economic, educational and microbiological factors and to follow the effect of dental health education over a long period of time. The dental health messages should be practical, informal and culturally sensitive.
Materials and methods

Subjects
The ethical approval of the study was obtained from the ethics committee of the Leeds General Infirmary. A randomised selection was carried out, by the Office of Population Statistics (OPCS, UK Government), of all mothers with children born between 1 January and 30 September 1995, resident in low socio-economic/high caries suburbs of Leeds (UK). The mothers were approached directly by OPCS who obtained their consent. From this initial population some 228 mother/child pairs were inducted into the study and randomly assigned to the following active groups for dental examination and dental health education (DHE). Group A received DHE focused on diet and briefly on oral hygiene. Group B focused on oral hygiene instruction (OHI) using children's fluoride toothpaste and briefly on diet. Group C received DHE equally balanced between diet and OHI. Each mother was given DHE using a structured interview and counselling for at least 15 minutes in her own home every 3 months for the first 2 years of the study and twice a year in the third year of the study. A fourth group D received DHE as diet and OHI once a year only for each of the 3 years.
The study design required a control group E that presented several problems. If this group of mothers and children were selected at the beginning of the study they would have consented to a study in which they would receive nothing. This would have had to be stated in the OPCS letter. If a mother consented and found herself and her child in this fifth group then she might also probably withdraw. At the same time if a mother consented to be assigned to Group E she would be sensitised to the fact that when her child was 3-years-old there would be a dental examination and this would bias this fifth group in the study. These children would not then Effectiveness on oral health of a long-term health education programme for mothers with young children RESEARCH dental health education represent a 'normal' population who did not seek dental advice, if at all, until at least age 3 years or older.
The solution, as agreed with the Ethics Committee, was to keep in the computer data on those mothers in the selected postal districts that were initially selected as meeting the entry requirements but not selected by the computer to be approached for Groups A to D. It was agreed that this approach identified a free living Group E who would not be biased or sensitised to an eventual dental examination. Toward the end of the study, this fifth group of mothers was traced as still being in the locality and whose children were attending nursery school. They were then approached to agree to the dental examination. This group identified by OPCS at the beginning of the study were never visited and received no DHE. They were examined at 3 years of age for dental caries and oral hygiene in nursery school. At that time, after the dental examination, each mother was given diet and OHI advice and counselled to ensure that their child visited a dentist regularly.
The programme of DHE visits and clinical examinations is shown in Table 1 .
The DHE counseling was based on a script drawn up beforehand and rehearsed so that it followed a standardised format. The dental health messages were based on those of the scientific bases of DHE. 13 The main message was to substitute bottle with feeder cup; brush child's teeth twice a day with fluoride toothpaste and visit a dentist regularly. At the same time each mother, on every visit, was given the opportunity to ask questions and further advice given accordingly. The two dental health educators were systematically retrained each year.
Questionnaire interview
A structured questionnaire similar to that used by the National Diet and Nutrition Survey of preschool children 14 was used to obtain information regarding demographic and socio-economic status of the family, feeding history and dietary habits, dental health and oral hygiene practices.
Clinical examination
The oral examination of children and their mothers in the study groups was conducted by one of the authors (MBK) in the volunteers' homes with the help of a mouth mirror and a pen light source. No attempt was made to probe the teeth and dental radiographs were not used in any of the examinations. The children in the group E (control) were examined at two nursery schools.
A tooth was considered present when any part if it was visible through the oral mucosa. Initial caries was defined as a demineralised area with loss of translucency and manifested caries as the presence of actual cavitation. The criteria used for caries diagnosis were that of Palmer et al. 15 To assess intra-examiner reproducibility 10% of mothers and children were examined twice within a 10-day interval (kappa score = 0.82). The periodontal status was examined by scoring gingivitis, debris (plaque, materia alba) and calculus using the same diagnostic criteria of the Children's Dental Health Survey in the UK. 16 
Statistical analysis
Differences in age of children and mothers between groups were tested by analysis of variance (ANOVA). Kruskal-Wallis was used to test differences in caries and caries risk factors and the Sign test to examine the changes in mothers' oral health in different phases of the study.
Results
The children were recruited when they were about 8 months of age and at the baseline examinations the mean age of the children (113 girls and 115 boys) was 11.4 months (SD = 3.4) and of mothers 29.0 years (SD = 5.3). The difference in the mean age of children and mothers between groups was not statistically significant as tested by ANOVA (F = 0.49, P = 0.69 and 0.68, P = 0.57 respectively). The majority of children (96%) were white Caucasian. The mean number of children in each family was initially 1.8. More than half (115) of mothers had left school at the age of 16 years. The difference in mothers' level of education between groups was not statistically significant (χ 2 = 5.11, P = 0.82).
Most mothers reported that they had stopped breast feeding when their child reached a mean age of 3.6 months and only 20 (9%) were still breast feeding at the time of initial interview and examination. However, most of the children (80%) were bottle-fed and 40% of mothers reported that their children fell asleep with bottle/breast nipple in their mouth.
Most (n = 190) offered their children sweets, chocolate or sweet biscuits, starting at a mean age 7.14 months (SD = 2.65). Seventyseven infants never used a dummy, 133 still did at baseline (15 sweetened). The most commonly used drink was milk and 146 (46%) were given drinks on-demand.
In the second phase of the study (at 2 years of age) two children in group D (those visited yearly) had two initial caries lesions each (demineralisation) on the labial surfaces of their maxillary incisors. One of them was a girl who was breast-fed on-demand and came from a single-parent family. The mothers of these children were advised to visit their dentist for professional fluoride application. In the third phase (at 3 years of age) two children in the study groups had caries, both in diet group A (mean dmfs = 0.29, SD = 1.64) and all remaining children revealed a naturally healthy dentition. In contrast, 18 children (33%) in group E (control) showed one or more carious lesions ( Table 2 ). The mean dmfs in this group was 1.75 (SD = 5.09). Twenty-two out of 61 (36%) affected teeth were maxillary incisors, four (7%) maxillary first molars, 11 (18%) mandibular first molars, six (10%) maxillary second molars and 18 (29%) mandibular second molars.
Only three children (3%) in the study groups had gingivitis (all in diet group A) and nine (5%) had poor oral hygiene (three in group A and six in group D). In contrast, nine (16%) children in group E had gingivitis and 22 (40%) had poor oral hygiene. Thirteen children who had poor oral hygiene in this group also had caries (Table 3) . Poor oral hygiene in these children was significantly related to caries (P < 0.001).
Eight mothers out of 21 (38%) who returned the questionnaire in group E (control), reported that their children never or rarely Table 4 . More than half (52%) of the children in the control group were given drinks on demand compared with only five (11%) in group A, eight (17%) in group B, five (10%) in group C and 11 (31%) in group D. A greater number of children (33%) in group E (control) were given sweets, chocolate or chocolate biscuits more than once a day compared with those in the study groups (Table 4) . Moreover, more children in the study groups were given sweets and/or chocolate either after meals only or at weekends (sweety day) 34 (75%) in group A, 33(70%) in group B, 32(63%) in group C, 21(62%) in group D and only 7(33%) in group E.
There were more children (33%) in the control group who either never or rarely brushed their teeth by 3 years of age. In contrast, the majority of children in the study groups brushed twice a day (Table 4 ).
There was a statistically significant difference between study and control groups (Table 4 ) in all of the caries risk related factors studied. These were the frequency of dental visits (P < 0.01), frequency of drinking, toothbrushing and sweet consumption (P < 0.001).
Finally, it was most interesting that the mothers of the children in the study groups also showed a significant improvement in their own oral health and in their frequency of toothbrushing and dental visits. There were more mothers (85%) who reported brushing their teeth more than once a day compared with 48% in the control group. Eight mothers (38%) in the control group rarely or never brushed their teeth compared with only three (2%) among the study mothers. This difference in the frequency of mothers' toothbrushing was statistically significant as tested by the Kruskal-Wallis test (H = 40.83, P < 0.001). One third of mothers in the control group never or rarely (ie only in case of pain) visited the dentist compared with 16 (9%) in the study groups. This difference in the number of mothers who never or rarely and those who regularly visited the dentist between groups was statistically significant (P < 0.05). In comparing the gingivitis, debris and calculus scores of the mothers of the children in the study groups (Table 5) , in the first and second phases and also first and third phases of the study, recorded a statistically significant difference (P < 0.001), with an improvement of all scores for gingivitis and plaque.
The mean DMFT of mothers in first, second and third oral examinations was 9.7 (SD = 5.3), 10.2 (SD = 5.3) and 10.4 (SD = 5.1), respectively. The differences in the mean DMFT were not statistically significant. Table 2 Caries prevalence data for children followed for 3 years with dental health education given by home visits *Percentages given in parenthesis are rounded and included to assess comparison † As tested by Kruskal-Wallis test S = start, F = finish, SD = standard deviation of the mean Table 4 Comparison of caries' risk factors in children between study and control groups at 3 years of age in Leeds nursing caries study RESEARCH dental health education
Discussion
There are only a few prospective intervention studies reported in the literature with a relatively brief contact with mothers which in most cases occured too late. 11 DHE as a preventive strategy also is rarely studied and evaluated in a randomised way. 12 The main finding from this study was that repeated visits to provide DHE to mothers of young infants in their own homes was very successful in preventing the occurrence of nursing caries. It was significant that even by the third annual dental examination only two children, in group A (DHE focussed on diet) had developed caries and the lesions were confined to the maxillary central incisors. In the groups where a major component of the DHE was oral hygiene instruction, including the use of low fluoride toothpaste, the children did not develop any lesions at all.
The findings are further emphasised when the comparison was made with the control group children (E). This group were examined only when they had reached the age of three years. These children were originally in the OPCS (Office of Population Census and Survey) statistical list of children born with the required postal districts but not selected by the computer for possible participation in the main study groups. They resided in the same geographic areas as the selected children and had the same socio-economic background. These children received no DHE at all, and showed a poor record of contact with dental professionals and were found to have a significantly higher level of dental caries (33%). A higher level of dental caries in at-risk preschool children has also been reported by previous national and international studies. [17] [18] [19] [20] [21] A comparison of the active groups A, B and C with D would seem to indicate there was no difference between visiting every 3 months with every 12 months. This may have cost implications if the successful approach, tested here, were to be implemented as a dental public health strategy. To have a DH Educator visit only twice a year would obviously be more cost effective. The two educators in this study were a dental hygienist and an outreach paediatric nursing sister. One therefore had a dental background and one a paediatric. Both were given the same DHE training and visited children in all groups equally. There were no differences between the dental caries or oral hygiene results for the two visitors. The implication here is that it may well be that midwives and health visitors could be just as effective as dental personnel. However, they should be suitably trained in DHE as many previous reports have shown that they are often poorly informed about dental health, as the majority of training courses do not include dental health in their curricula. [22] [23] [24] The home visit is, in our opinion, important to give DHE in a family environment.
Another finding of note was the improvement in the mothers' oral health. While the study did probably not run long enough to show a significant change in the incidence of dental caries, there was an effect on oral hygiene practice. This was an unpredicted but valuable benefit. Further research is needed here into the effects of repeated or regular DHE on family dental health.
Conclusion
Regular home visits to mothers with infants, commencing at or soon after the time of the eruption of the first deciduous teeth, was shown to be effective in preventing the occurrence of caries, improving oral hygiene and dental attendance. There was no difference in effect between a visit every 3 months or every 12 months between the ages of 1 and 3 years. An added benefit was that the mothers of the children also significantly improved their oral hygiene in terms of debris, gingivitis and calculus. 
